This paper investigates the mechanism of a financial accelerator. In particular, it examines the procyclicality of credit margins in Europe after the financial crisis, with an additional split into small, medium and large-sized banks. The empirical analysis is in contrast with contemporary authors because it approves that the financial accelerator is not present on the European market after the financial crisis. It could be caused by multiple factors, for example structural changes during the financial crisis, a change in the behaviour of commercial banks or extremely low interest rates. We tested our hypothesis on a dataset that consists of a data panel with annual data for the period 1998-2015 and includes 2,489 banks from 36 European countries from the Bankscope database. We also provide robust empirical proof that such behaviour was not occurring during the financial crisis or after the financial crisis in the European banking system.
INTRODUCTION
The financial accelerator theory, which originated in the 1990s, was described in the studies of Bernanke and Gertler (1989) and Bernanke et al. (1996) . Kiyotaki and Moore (1997) also contributed to the financial accelerator theory and procyclical change in the value of collateral assets. The financial accelerator was empirically tested before the financial crisis and after a financial crisis and confirmed in the USA (Aliaga-Díaz and Olivero, 2010) , in Turkey (Turgutlu, 2010) and in Europe (Altunbaş et al., 2016) . There is general agreement that the financial accelerator does not exist after a financial crisis. Our paper follows these studies and contributes to the current theory of the financial accelerator, which helps to explain the scale and persistence of the business cycle.
The methodology was based on the study of the behaviour of banks' price-cost margins as a proxy for the external finance premium that banks charge to firms. They identified the procyclical impact of credit margins in their results. Procyclical margins make bank loans more expensive during economic downturns and can cause the deepening of the business cycle.
The contribution of this paper is to identify the varied functioning of the financial accelerator after the financial crisis, with an additional split into small, large and medium-sized banks. The research is focused on the procyclical behaviour of interest margins on the European market. It influences the ability of borrowers to obtain loans from external sources. This paper provides robust empirical proof that such behaviour was not occurring in the European banking market during the financial crisis or after the financial crisis. In particular, it examines the relationship between credit margins, the economic cycle and other determinants.
The paper is organised as follows. Section 2 contains the literature review. A detailed overview of methods and data is provided in Sections 3. Section 4 presents the results of the econometric models and Section 5 presents a robustness analysis. Section 6 offers concluding remarks.
LITERATURE REVIEW
There is an extensive review of literature on the FA, especially during the 1990s. A financial accelerator can be described as a mechanism effect when the effect of relatively small impulses could lead to a persistent fluctuation in the economy due to the role of an endogenously procyclical credit margin in financial markets (Bernanke et al., 1996 and 1998) . Due to imperfections in the credit market, the ability of borrowers to obtain credit from external sources is procyclically affected if the economy is hit by a shock that affects the net worth of borrowers (Bernanke and Gertler, 1989; Bernanke et al., 1996 and 1998) . The effect may also have procyclical interaction between credit limits and asset prices. Durable assets are presented as factors of production, but also as collateral for loans (Kiyotaki and Moore, 1997) .
We follow studies of the financial accelerator in the USA (Aliaga-Díaz and Olivero, 2010), in Turkey (Turgutlu, 2010) and in Europe (Altunbaş et al., 2016) . These studies tested the existence of the financial accelerator on the case of cyclical banks' price-cost margins as the dependent variable. Therefore, we provide a brief overview about the history of the financial accelerator as well as the determinants of bank margins.
History of the Financial Accelerator
The financial accelerator theory is part of the theoretical and empirical literature about credit-market imperfections. The origin of the theory was in 1989 when Bernanke and Gertler (1989) and then Bernanke et al. (1996) studied how shocks may be amplified by endogenous developments in the financial markets. Bernanke and Gertler (1989) identified a condition of the borrower's balance sheet as a source of output dynamics. Their concept analyses the mechanism of net worth, which has an impact on agency costs. In short, when, for example, a positive shock occurs, the higher borrower net worth reduces the agency costs, so he can pay a lower premium on external finance because the risk of bankruptcy is lower. It causes an increase in investment. This mechanism amplifies the upturn and a relatively small shock could lead to a persistent shock in the economy. The question of how credit constraints interact with aggregate economic activity over the business cycle was also studied by Kiyotaki and Moore (1997) . They focused on amplifying shocks, the transfer through other sectors and their persistence. As an amplifier of business fluctuations, they identified the prices of the assets used as collateral. It interacts with an endogenously defined credit limit and can lead to a large and persistent shock. The theory is basically similar to that of Bernanke and Gertler (1989) , but in this case, the change in net worth is due to the availability of credit, not the cost of credit.
In the paper "flight to quality", Bernanke et al. (1996) , focused on the beginning position of borrowers. They suggest that borrowers facing relatively high agency costs in credit markets will bear the brunt of an economic downturn. When a shock occurs, they reduce spending, production, and investment and it worsens the effects of recessionary shocks. For high-agency-cost borrowers, small and mediumsized firms with a worse balance sheet are mainly considered. Their procyclical variability is higher and they should react earlier.
The financial accelerator has been studied in recent empirical works. Some of them were focused on the development of the bank interest margin. They assumed the Bernanke and Gertler hypothesis (1989) , that the bank credit margin is a proxy for premium external funds, a key element of the model. This margin behaves procyclically and makes bank loans more expensive during economic downturns compared to an economy with constant margins.
The financial accelerator hypothesis was confirmed by Aliaga-Díaz and Olivero (2010) for US banks in the period 1984 -2005 . Turgutlu (2010 tested the theory in Turkey in the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The impact of the financial accelerator has also been confirmed. Altunbaş et al. (2016) then studied the European banking system in the period 1989-2012. They found that margins in the European banking system are cyclical with respect to the output gap and total bank loans. Pancrazi et al. (2016) confirmed the existence of the financial accelerator mechanism, but with the addition that it is stronger than originally assessed.
The financial accelerator could be changed after the financial crisis. The impact of a lack of liquidity and a change in asset quality was different because of the heterogeneity in Europe (Fratzscher, 2012) . The impact of the banking market structure was also explored by Brissimis and Delis (2010) , who provided evidence that heterogeneity observed on the bank level can affect the response to changes in monetary policy. The heterogeneity can be observed through the banking channel before a financial crisis and after a financial crisis (Heryán and Tzeremes, 2017) . The changing conditions in the economy also brought changes in monetary policy. The ECB decreased interest rates to a historical minimum. They also responded by increasing credit support and quantitative easing (ECB, 2010).
Determinants of Interest Margins
There are many studies focused on interest margins and their determinants. For example, Kapounek et al. (2017) present the development of interest margins spread as the most important indicator of credit growth. Higher interest rates are therefore associated with a lower supply of loans. Models for the interest margin spread are based on a model proposed by Ho and Saunders (1981) . The model assumes banks to be risk averse and that their main contribution is to collect deposits and provide loans. The bank margin is influenced by the uncertainty of the transaction, the structure of the banking market, the degree of banking capitalization and the volatility of interest rates. The model was subsequently modified and supplemented, for example, by the possibility of portfolio diversification on the performance of the banking market (McShane and Sharpe, 1985) or the role of operating costs (Maudos and de Guevara, 2004) . Differences in interest margins and bank profitability are reflected in varying determinants, such as bank characteristics, macroeconomic conditions, regulation, and several legal and institutional indicators, as shown by Demirgüç-Kunt and Huizinga (1999) in their study.
The evolution of interest margins is divided according to the influence of monetary policy and banking regulation, the risks of firms that act as current or potential borrowers and the characteristics of the bank.
The influence of monetary policy and banking regulation is important to mention because the financial crisis and its consequences have led to changes in regulatory policy because the regulatory framework then proved to be inadequate for achieving financial stability. It was necessary to include unrecovered dimensions like liquidity and the risk of the transmission of shock resulting from various sources (Bank of England, 2011) . The existing regulatory framework was also inadequate because it failed to prevent banks from over-risking (Dewatripont et al., 2010) . Many central banks have not previously embedded the banking system into their models. They have not seen it as a potential source of friction in the transmission mechanism of monetary policy (Gambacorta and Marques-Ibanez, 2011) . A new regulatory framework has been introduced, which is a set of macroprudential regulations to reduce systemic risks. A key element is the creation of a reserve for the accumulation of capital at a time when banks are doing well and the economy is growing and vice versa (Cincotti et al., 2012) .
In case of a tightening of monetary policy, banks should respond by reducing the volume of credit, which also affects the amount of the credit margin. This mechanism and its functioning are influenced by the central bank's transmission mechanisms, which can operate in different ways. The change in the market interest rate due to the change in official interest rates is influenced by the confidence and expectations of future developments (Bank of England, 1999) , the transparency of the central bank's monetary policy (Papadamou et al., 2015) , credibility which increases the efficiency of the transmission mechanism (Levieuge et al., 2018) , and the bank's access to alternative financing (Fungáčová et al., 2014) . Access to alternative sources is determined by the characteristics of banks such as capital, capitalization and liquidity, but also the structure of the banking sector and the market power of individual financial institutions (Gambacorta, 2005; Matousek and Sarantis, 2009) . SanfilippoAzofra et al. (2018) show that banks do not respond to monetary policy in countries with a less developed financial system. In countries with developed financial systems, the efficiency of the banking channel is proven after the financial crisis.
During the financial crisis, interest rates were almost zero and it caused the low efficiency of the banking channel in the transmission of monetary policy. The ability of monetary policy to affect banks' lending activity became very ineffective. At low-interest rates, a bank's expectations about future interest rates are changing significantly (Swanson and Williams, 2014; Apergis and Christou, 2015) . Other studies suggest that the banking channel is less efficient in banking systems with large, more liquid and more profitable banks (Matousek and Sarantis, 2009; Gunji and Yuan, 2010; Hou and Wang, 2013) . The negative impact of very low-interest rates on the profitability of banks' credit assets by reducing interest rate margins was also confirmed by Borio and Gambacorta (2017) . Then Dell'Ariccia and Marquez (2013) also warn that it may have a negative impact on the bank's risk.
The literature bears witness to many papers defining factors which could influence a bank's activities and therefore bank loans. Kučerová and Kapounek (2015) identified the main determinants of bank lending activities in the sample of EU countries. They confirmed the significant impact of macroeconomic shocks, banking controls and institutional variables on European lending activities. Chakraborty and Ray (2006) also show similar results -the level of per capita GDP and investments is higher under the bank-based system compared to the market-based system.
Interest rate margins are also affected by the credit cycle. The lower willingness of banks to borrow during a crisis is caused by higher economic uncertainty, lower liquidity availability on interbank markets, and lower solvency due to weaker balances (Adams-Kane et al., 2015) . Changes in credit capacity affect the activity of firms dependent on external financing. As mentioned above, banks also respond to the tightening of monetary policy (Kashyap and Stein (1995) . Especially small and less liquid banks with low securities are more responsive to monetary policy shocks (Kashyap and Stein, 2000) . This effect is amplified by endogenous changes in optimism and pessimism (animal spirits; see De Grauwe and Macchiarelli, 2015) . Based on these changes, it is possible to observe the paradox of financial instability which was first presented by Borio and Drehmann (2009) and Borio (2011) . The instability of the economy is paradoxically growing the most when an economy is at its peak. It's caused by the procyclicality of bank lending and firms' access to funds. Banks reduce credit standards in times of economic growth (Jiménez and Saurina, 2006) .
Banks can also be influenced by asset price developments, which are used as collateral, and their reduction is accompanied by a reduction in the availability of credit to those using assets in this way (Jiménez and Saurina, 2006) . Carvalho et al. (2015) identified bank distress in connection with a fall in share valuation and subsequent losses. These lead to a reduction in the investments of borrowers with the strongest credit relations with banks.
When examining the determinants of interest margins, the impact of the risk channel and the riskiness of the companies cannot be omitted. There were also changes in this sector after the financial crisis. A new risk channel has been defined which suggests that monetary policy can determine the level of risk in the economy. Too low-interest rates for a long time can cause systemic risk accumulation in the financial sector. This results in financial imbalances caused by reduced aversion to risk from banks and other investors (Borio and Zhu, 2012) . Knowledge about the risk channel is still limited, but evidence of the risk channel has been proven in the Eurozone (Maddaloni and Peydró, 2011; Cappiello et al., 2010) or in the US investment-banking sector (Adrian and Shin, 2010) . Altunbaş et al. (2010) also consider bank risk with the classic indicators (size, liquidity and capitalization) used to assess the ability and willingness of the bank to provide loans. In particular, it found that banks characterized by lower expected default rates are able to offer a larger amount of credit and to better isolate the supply of loans from monetary policy changes. Banks that include corporate risk are also affected by information asymmetries (Duran and Lozano-Vivas, 2015) followed by moral hazard (Antzoulatos and Tsoumas, 2014) . Cincotti et al. (2012) confirmed that the state of affairs also affected the level of interest rates.
The last part of credit margins determinants includes bank characteristics. Gambacorta and Marques-Ibanez (2011) identified the characteristics of banks that have a significant impact on banks' credit activity. According to their results, the decline in credit activity during the crisis was strongest in banks with lower core capital, increased dependence on market liquidity and non-interest income sources. Markovic (2006) includes bank capital because more capitalized banks are more isolated from changes in monetary policy or other shocks, without changing credit activity. Similar results were shown by Borio and Gambacorta (2017) .
Important determinants of interest rates and the ability to provide loans also include size, capitalization, efficiency and the liquidity of the bank (Guiso et al., 2002) . Altunbaş et al. (2009) and Apergis and Christou (2015) place emphasis on characteristics such as liquidity and capitalization. The assumption that large, liquid and well-capitalized banks have more opportunities to expand their loan portfolio and are less sensitive to monetary policy shocks and policy changes to the interest rate has been confirmed by several other authors (Gambacorta and Mistrulli, 2004; Gambacorta, 2005; Jorge, 2009) . We can also mention determinants like management efficiency, which can reduce costs, followed by interest margins (Angbazo, 1997; Hawtrey and Liang, 2008) .
We include bank liquidity in our model because holding more liquid assets increases additional costs (Ho and Saunders, 1981) . We also include bank specialization because we assume that banks more specialized in deposit react in a relatively less elastic manner and banks are able to separate money from exogenous economic shocks (Berlin and Mester, 1999) . As another determinant, we include credit quality. If there is a higher credit default, banks need to increase their credit margins to compensate for the loss (Maudos and de Guevara, 2004) . The last banking characteristic is capital because more capitalized banks can charge a higher margin, if we assume that liabilities are cheaper than equity. It can be caused due to tax optimization (Lown and Peristiani, 1996; Jorge, 2009; Adrian and Shin, 2010) .
DATA AND METHODS
We use annual data from Bureau van Dijk -Bankscope for 2,489 banks across 36 European countries in the period 1998-2015. The Bankscope database provides detailed data including balance sheets and financial indicators of the banks. We mostly focus on bank margin and bank characteristics. We obtained data on macroeconomic fundamentals from the publicly available Eurostat database (Eurostat, 2017) . The macroeconomics and institutional data set is merged with individual bank data.
Data are transformed using a chain index with a base period in 2007. The data are further adjusted for outliers in the 1% and 99% percentile. To eliminate the obliquity and accuracy of data, all data are transformed using logs. Descriptive statistics and a crosscorrelation matrix are in Annex.
The financial accelerator was tested before the financial crisis and after the financial crisis, especially using interest margins. Changes in the financial market during the period 1998-2015 can have an impact on the financial accelerator, so we divide the period and then we will analyse the financial accelerator before the financial crisis and after the financial crisis. Specifically, this paper examines the relationship between interest margins, the economic cycle and other determinants. We focus on the European banking sector. Therefore, we deal with the determinants of interest margins in the economy dependent on the banking sector.
In the analysis, the panel regression model is used. Because of the specific conditions of a particular bank, a fixed-effects model is used. These specifics are not captured in the model and cannot be considered as random. Parameter estimates are calculated using the OLS method.
We assume the following regression:
In the equation (1), i and t are banks and time, IRmargins i,t is the bank's net interest margin, mshocks c,t are macroeconomics shocks in the country c and time t. It measures the business cycle through the development of GDP. GDP is the main explanatory variable, so we include it in the main model and in every sub-model. The set of variables bcontrols i,t represents selected banking characteristics, including bank liquidity measured as a ratio of liquidity assets to total bank assets and bank specialization measured as the ratio of bank deposits to total bank assets. An additional banking characteristic is credit quality measured as a ratio of loan loss provisions to total loans. The last one is capital measured as the ratio of capital to total bank assets. The last set of variables, insti, includes determinants of the institutional environment. Finally, we include the time dummy variable, θ t , bank fixed effects, µ i (special characteristics with different impact for each bank), and a residual, ε i,t .
The mechanism of the financial accelerator starts with a relatively small shock that causes a change in economic activity. Changes in economic activity are included in the model by GDP. When an adverse shock occurs, GDP decreases, it causes a slowdown in sales, a decline in cash flows and internal funds, increasing the amount that a firm must obtain from external financial resources to finance investment projects. Changes that have caused the decline in the net worth of the borrower further exert an external financial premium due to the asymmetry of information. An increase in the external financial premium due to the deterioration of the borrower's financial situation and the increase in its risk disrupts the access of businesses and households to credit. In addition, there is a reduction in the value of guarantees. It further reduces debtors' balance sheets, increases their risk, and thus reduces their ability to obtain credit. Firms are forced to reduce their investment, resulting in a negative impact on performance. The changes will also cause fluctuations in banks' credit activity, which again affects investment, expenditure and production, which in turn affects GDP. The result is an increase in the persistence of the original shock and the further deepening of the business cycle.
In the robustness analysis, we check the sensitivity of our analysis in two ways. Firstly, we included bank size criteria. Bank size, liquidity, and capitalization are the main criteria, which determine the interest margin (Guiso et al., 2002) . Kapounek et al. (2017) show that the loans of large banks also depend strongly on demand factors like GDP, consumption or unemployment.
We analyse small, large and medium-sized banks (see Tab. 3) separately. We divided the model into these groups according to the percentile. The distinguishing criterion used is the indicator of the total assets of banks modified with respect to GDP to eliminate the impact of the size of the economy.
RESULTS
Tab. 1 presents OLS results for the bank interest margin. Our main model focuses on the interest margin, which is determined by the economic cycle, bank liquidity, specialization, bank equity and credit quality.
The results present the significant and negative effect of GDP on the interest margin. Thus, higher GDP is associated with a lower interest rate. In other words, the interest margins are higher during an economic downturn. This has a negative impact on firms, because it reduces their ability to obtain loans. It further deepen the economic downturn. We can conclude that interest margins are procyclical, so we can confirm the financial accelerator in the European banking system. Tab. 1 also presents the significant and negative effect of bank liquidity. This confirms our hypothesis of declining interest margins in liquidity growth due to the increase in the cost of holding liquid portfolios. The positive impact of capital (equity to assets) confirms the hypothesis that more capitalized banks can set higher interest margins.
On the contrary, an insignificant variable is the credit quality (loans loss reserve to gross loans), so we do not include it in further models.
In the second step, we divided the model by the period before the financial crisis (column 2), during the financial crisis (column 3) and after the financial crisis (column 4). Column 1 presents the undivided model, similarly to Tab. 1. As we mentioned, credit quality is omitted because it is not significant in the first model.
Our results show the financial accelerator is in the European banking system only until the financial crisis. Column (3) and (4) in Tab. 2 shows interest margins are determined by the business cycle, but the financial crisis changed their direction. After the financial crisis, the business cycle had a positive impact on bank interest margins. The business cycle is represented by GDP. Thus, the positive impact on bank interest margins means that when GDP grows, interest margins also increase and loans become more expensive for firms. It could reduce the growth of GDP. This is the main different between Tab. 1, where the business cycle is deepened by the negative impact of the business cycle, known as the financial accelerator.
When we compare the results of the model focusing on the period of the financial crisis (column 3) to the model after the financial crisis (column 4), we can see that the impact of GDP is higher during the financial crisis.
When we compare the results of the undivided model (column 1) to the divided model (columns 2-4 according to period), we can see that the impact of liquid assets and specialization is not significant throughout the period. However, the impact of bank liquidity is approximately similar to that of the original model.
ROBUSTNESS ANALYSIS
The results of the robustness analysis by the size of the banks shows that interest margins are procyclical only in the case of a large bank. The results are in line with the literature -large banks can better diversify, it leads to lower credit default and then lower credit costs and margins. Our robustness analysis results also confirm our previous results about liquid assets and capital, especially in the case of large banks. Moreover, the impact of capital (equity to assets) is significant before the financial crisis and after the financial crisis and for all bank sizes. Thus, we can confirm the hypothesis that banks which are more capitalized can set higher interest margins for all banks almost independently of the size. The positive impact of bank capital is unchanged throughout. Secondly, we check the sensitivity of our analysis according to the different groups of European countries -Central and Eastern European countries (CEES), the euro area and the 5 biggest countries (EU 5) in Europe according to GDP. Column 1 presents the undivided model, similarly to Tab. 1. The results of the robustness analysis by country confirm our previous results of the divided model. In the euro area and the 5 biggest countries, the economic cycle has a positive impact on interest margins. Therefore, we cannot prove the effectiveness of the financial accelerator.
DISCUSSION AND CONCLUSIONS
The contribution of this paper is to identify the varied functioning of the financial accelerator before the financial crisis and after the financial crisis and subsequently for the different sizes of banks. The paper is mainly focused on the relationship between interest margins, the economic cycle and other determinants such as bank liquidity or bank capital.
We show that our results of the first undivided model are in line with the current literature and confirm the presence of the financial accelerator in the European banking system. This means procyclical interest margins, which deepen the economic cycle. We also divided our model into 3 periods and according to this model, the financial accelerator is present in the European banking system only until the year 2007, when the financial crisis began. Consequently, economic activity has no procyclical impact on the interest margins after the financial crisis.
There are several reasons why the financial accelerator has not been proven in the European market since the financial crisis. During the crisis, there were many structural changes that led to changes in the instruments used by central banks, but also changes in the behaviour of commercial banks due to increased risk. Extremely low interest rates could have had an important impact. Banks and businesses could have played their role during the crisis. Besides the financial crisis, the banking system also weakened the transmission mechanism, due to deregulation, financial innovations and changes in bank business models. The effects on the financial accelerator may also have changes in the focus on macro-prudential policy or greater emphasis on risk measurement and understanding in the financial sector. In the context of risk control, several new institutions are also involved in monitoring systemic risk and issuing recommendations.
Finally, we presented a robustness analysis to identify the significant impact of the bank size on the financial accelerator in the European market. Our results show the presence of the financial accelerator in the European banking system only in the case of large banks. We also examined other characteristics and, for example, we can confirm the hypothesis that more capitalized banks can set higher interest margins for all banks almost independently of the size.
Then we examined the presence of the financial accelerator in different groups of countries -CEES, the euro area and the 5 biggest countries in Europe. We found a significant result in the case of the euro area and the 5 biggest countries in Europe and we did not find a procyclical impact of interest margins. 
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